Study of the mechanics of breathing in man may be approached in two ways: In the first place the function as a whole may be estimated by tests such as the maximum breathing capacity. Here we arc asking the subject to apply his maximum effort in breathing, and we measure the output obtained.} These tests are simple to do and, on the whole, show good relation to disability. But they have two obvious disadvantages: firstly, they require complete co-operation of the subject, and, secondly, they measure merely the overall function, and make no attempt to analyse the cause of any deficiency found.
[February 10, 1953] DISCUSSION: THE ASSESSMENT OF RESPIRIATORY FUNCTION Dr. C. B. McKerrow, Pneumoconiosis Research Unit, Llandough Hospital, Cardiff. Assessment of the Mechanical Function in Ventilation Study of the mechanics of breathing in man may be approached in two ways: In the first place the function as a whole may be estimated by tests such as the maximum breathing capacity. Here we arc asking the subject to apply his maximum effort in breathing, and we measure the output obtained.} These tests are simple to do and, on the whole, show good relation to disability. But they have two obvious disadvantages: firstly, they require complete co-operation of the subject, and, secondly, they measure merely the overall function, and make no attempt to analyse the cause of any deficiency found.
In the second method of approach, we attempt to analyse the mechanics of respiration in physical terms. For instance, we estimate the bronchial resistance, or the elastic and viscous forces ofbreathing. We shall consider these two groups of tests separately.
I.-TEsTs OF THE OVERALL FUNCTION
The three tests most commonly used are the vital capacity, the maximum breathing capacity, and the measurement of mean flow rate of a single maximal expiration.
It is helpful to consider them in relation to the following criteria: (a) Sensitivity: i.e. what is their accuracy relative to what is being measured? This is dependent both on instrumental accuracy and on the range of values between clinically normal and abnormal subjects.
(b) Validity: i.e. does the test measure the right thing or is the result influenced by factors not intended?
(c) Simplicity: Is the test a practical one, both from the point of view of apparatus needed and from the demands made on the subject?
(1) Vital capacity.-The vital capacity has two disadvantages as a test: firstly, the range of values in normal and abnormal subjects overlaps to a large extent; thus its sensitivity is poor. Secondly, it is essentially a static measurement and is therefore scarcely a valid test of mechanical function. It is measuring the stroke of the respiratory pump regardless of its rate. Thus patients with severe respiratory disability often have surprisingly large vital capacities, although it is clear from the slow forced expiration with which they perform the test that much of the expired volume can be of little use to them when having to hyperventilate on exertion. The chief advantage of the test is its simplicity both in performance and in the apparatus needed.
(2) Maximum breathing capacity.-In this test, the subject is asked to put his maximum effort into breathing for about 15 seconds, and the volume of air he has moved is measured and expressed as litres per minute.
The test is measuring flow per unit time and is therefore a dynamic measurement, although it is assessing the mechanical function of the lungs in a somewhat artificial way.
The test is fairly simple to do, and the range of values between normal and abnormal subjects is very wide. But it has the important disadvantage that results are surprisingly variable in the hands of different workers. Average values for normal subjects reported in the literature range from under 100 litres/minute to nearly 200 litres/minute. Some of this discrepancy is due to differences in technique in performing the test, and to differences in ideas on what constitutes a normal subject. However, much of this variation seems to be due to two causes related to the instrurnent used.
(i) The instrument may measure inaccurately in certain circumstances.
(ii) It may modify the subject's response by presenting a high resistance to airflow, or by influencing his rate of breathing.
it is worth considering these factors in instruments commonly used for measuring the M.B.C. as the test loses much of its value if the results obtained apply only to one particular instrument. The Benedict-Roth spirometer has been used by many workers for estimating the M.B.C. and the serious error which may occur during hyperventilation was first recognized by D'Silva and Mendel (1950) . They found an error of up to 40% in their particular spirometer due to an oscillatory movement of the water within the bell.
The use of a Tissot's spirometer for collection of expired air during hyperventilation is also not free from error. In a common system of this type, the subject inspires through a valve from a bag containing a 5 % CO2 mixture and expires through a second valve into the spirometer, which thus moves during expiration but should come to rest during inspiration. However, in hyperventilation the bell may fail to stop immediately at the end of an expiration, and be carried on by its momentum, thus drawing air from the inspirate bag. The lower the resistance of the valves and the less the friction in the spirometer, the larger is the likely error. In a 100 litre spirometer of this type, we found a positive error of over 10%.
Recently we investigated the effect of airflow resistance on the M.B.C., and were able to obtain an estimate of the likely, fall in M.B.C. values with increasing airflow resistance. These results emphasized the necessity for using mouthpieces, tubing and valves of considerably lower resistance than those commonly employed, but also showed that it is practicable to design a machine with resistance low enough not to affect the results.
The choice of apparatus for measuring the M.B.C. must be influenced by the number of subjects to be tested, the likelihood of transmission of infection and also expense.
-One of the simplest but least portable methods is the use of two Douglas bags, a three-way tap gnd a low resistance valve box. The expired air collected during an exact fifteen-second period is collected in the Douglas bag for subsequent measurement by a gas meter. The Douglas bags must have much larger tubes (minimum bore of 1i in.) than are usually fitted, and the tap should have a bore of at least 1J in. A spirometer may be used provided that the inertia and resistance to airflow is low. have recently described an improved recording spirometer, which is free from the error due to water oscillation, but they provide no figures for the resistance to airflow. When large numbers of subjects are to be examined, it is an advantage to obtain direct readings without the necessity of analysing spirometer tracings, and we have therefore developed a simple apparatus employing a dry gas meter. The instrument has a low resistance to airflow, is virtually free from inertia, and has been constructed so that the part through which the subject breathes can be changed complete after each test to eliminate the risk of transmission of infection. The apparatus is shown in outline in Fig The subject breathes in and out from the 7-litre closed rubber bag contained within a metal tank.
As he inspires, air is drawn into the tank through the inspiratory valves' in its floor. As he breathes out, the clean dry air is displaced from the tank through a three-way tap leading to the expiratory valves and thence to a chamber, the top of which consists of rubber bellows from a Sanborn metabolism apparatus. During the fast part of an expiration, some of the air inflates the bellows while the rest passes on through the 400 cu. ft./hr. gas meter2 (Fig. 1 ). During the subject's next inspiration, the bellows have time to deflate by their own weight driving their contained air through the gas meter, so that essentially the discontinuous airflow of expiration has been transformed into a continuous flow through the gas meter at a proportionately reduced flow rate. This arrangement not only gets over the effects of the inertia of the gas meter, but greatly reduces the airflow resistance. In fact, the peak airflow resistance encountered in this apparatus is considerably less than in most spirometers (peak 2-2 cm. H20 at M.B.C. of 135 litres/min.).
After the test, the bag, tube and mouthpiece detach complete for cleaning and are replaced by a fresh set. The air in the rest of the apparatus is, of course, always clean. Lambert, 1952) .
(3) Measurement of the expiratory flow rate on a single expiration. -Tiffenau et al. (1949) in France, Kennedy (1953) in this country, Kadlec and Vyskocil (1950) in Czechoslovakia, and Gaensler (1951) in the U.S.A. have measured the volume expired in a short time following a full inspiration. Kennedy, after an analysis of these expiratory spirograms, came to the conclusion that the volume expired in 0 75 second with full effort correlates highly with the M.B.C. We recently compared the M.B.C. with these timed expiratory volumes on a mining population and obtained a correlation coefficient of 0-8 between them. It is too early to say whether this test will correlate as highly as this in other respiratory diseases, but there is no doubt that it requires less co-operation on the part of the subject than does the M.B.C. test, is less tiring, and is thus particularly suitable for field work and for patients who are severely disabled. The subject is simply required to take a full,inspiration and then exhale as fast as possible into the spirometer. We normally take the mean of three attempts. The repeatability of the test is very good and the standard error of the mean of three readings is only 2-7 %. It certainly appears worthy of further examination, and in our opinion may well supplant the M.B.C. as a simple routine clinical investigation.
The apparatus needed is either a fast recording spirometer, as used by Kennedy (1953) or, if a large number of subjects are to be tested, the electronically timed apparatus described by Gaensler (1951) may be an advantage. We are using this automatic apparatus ourselves, in a somewhat modified form.
II.-ANALYSIS OF THE MECHANICS OF BREATHING
We come now to the test procedures which aim at testing the components of mechanical function. They attempt not merely to show whether the respiratory mechanics are faulty, but also to indicate the physical cause of the impairment. helpful to look on the respiratory movements as being simply the expression of temporary imbalance between two sets of opposing forces. Thus, on inspiration we have the muscular force of the intercostals and diaphragm, and the elastic recoil of the chest tending to increase its volume, opposed by the elastic and viscous forces within the lungs and chest wall. In the case of the elastic force, the magnitude is related to the depth of the inspiration, whereas the viscous force is related to the speed of movement and hence to the airflow rate. The elasticity of the lungs is usually measured as "elastance" (Bayliss and Robertson, 1939) or pressure required to produce unit change in volume. The viscous forces arise from two sources. Firstly, the viscous resistance of the tissues of lungs and thorax to deformation, and secondly the viscosity of the airflow through the airways. Viscous resistance is generally measured as "viscance" or pressure per unit flow of respired gas. Perhaps a crude, and I am afraid, imperfect analogy may help here. Suppose we were blowing up a balloon, the resistance we encountered would be due partly to the amount the rubber was stretched, and partly to the difficulty we had in forcing air through the narrow neck. The former resistance would depend on the volume of the balloon-elastance-and the latter on the speed we were blowing, the air viscance. It should be mentioned that this usage of the term "air viscance" is not strictly in accordance with Fenn's terminology. He and his colleagues would use "air viscance" to denote only the streamline component of air resistance, and use the term "turbulent resistance" to denote that part of air resistance due to air turbulence. On expiration, the force is provided by the elastic recoil of the lungs (except during maximal expiration when it is assisted by the abdominal muscles), and is opposed chiefly by air and tissue viscous resistance in the same way as in inspiration.
It will be apparent that alteration in any of these components of the mechanism will alter the performance of the respiratory pump, and various attempts have been made to measure the individual components.
The total force available for respiration has been investigated by Fenn (1951) and his colleagues, and is expressed in their pressure-volume diagram of the chest. These data ha,-e been obtained by rreasuring the maximum inspiratory or expiratory pressures attainable when sucking or blowing against a mercury manometer at different respiratory levels.
The air viscance has been estimated by Otis and his colleagues by measuring the alveolar pressure necessary to produce a given airflow. The method used is one originally proposed by Von Neergaard and Wirz in 1927, and depends on the fact that if the flow of air from the lungs is momentarily interrupted, the pressure gradient in the airways disappears, and the pressure recorded at the mouth is equal to that in the alveoli.
Measurement of tissue viscance has been attempted by Otis, Fenn and Rahn (1950) on subjects relaxing in a Drinker's respirator. Here the work of breathing is done by the respirator and, knowing the air viscance determined by the interruption method, it is possible to calculate the tissue viscance.
Recently Dornhorst and Leathart (1952) published a method of measuring both elastance and viscance of the lungs alone from acsophageal pressure tracings and pneumograph records. The method depends on the fact that cesophageal pressure closely follows the intrapleural pressure, and is therefore an index of the forces operating on the lungs. The phase relationship between the pressure record and the pneumograph indicates the type of resistance. Thus, pressure recorded at the end of an inspiration or expiration is due to elastance only as there is no airflow, and that recorded during respiratory movement is due both to elastic and viscous components.
All these procedures with the exception of measurement of the total force availa'z le for respiration require relatively complex apparatus, and are considerably more time consuming than such simple tests as the M.B.C. It cannot be claimed that they yet represent more than an early attempt in the analysis of the mechanics of breathing. There is much to learn about them before we can assess their clinical value, but it seems likely that the more general application of this type of test may result in a great extension to our knowledge of the mechanical factors in respiratory disability.
Dr. D. V. Bates, St. Bartholomew's Hospital: Dr. McKerrow has described how the bellows action of the lungs may be measured, and when this has been done there are at least two further aspects of lung function on which we require information. The first is "how evenly is the gas distributed within the lungs?" and the second "how efficiently is the blood ventilated?"
In the last decade a great deal of light has been shed on the evenness of inspired gas distribution within the lungs. This aspect of lung function is conveniently studied by the use of helium or nitrogen as indicator gases and three main techniques have been used. The first consists of the analysis of gas composition of a single breath; the second in analysing the rate at which equilibrium is reached in a closed circuit; and the third is by measuring the rate of gas replacement in the lungs using an open circuit system. Each of these methods has merits not possessed by either of the other two, but the overall results do not appear to be greatly affected by the choice of technique except in particular circumstances. This work has led to four conelusions of importance:
(1) That normal people have some degree of uneven distribution of inspired gas within the lungs.
(2) That this becomes progressively more uneven as one gets older in the absence of any respiratory disease.
(3) That the evenness of gas distribution is upset by anything that interferes with the almost even expansion of lung. Thus it becomes uneven in a wide variety of conditions, asthma, emphysema, chest deformity, cystic lung disease, &c.
(4) That there may be markedly abnormal gas distribution in patients with asthma who are symptom free and without clinical evidence of bronchospasm at the time of study.
Further work in this field may clarify the mechanisms underlying these changes and perhaps enable us to understand the changes of function in terms of pathology.
Having found in a certain patient that inspired gas is unevenly distributed, we now require to know how well the blood is ventilated. It is evident that a minor degree of uneven distribution of gas may make very little difference to overall lung function, particularly if blood perfusion has been adjusted so that very little blood is passing through poorly ventilated lung. Accordingly we need to know how well perfusion is balanced to ventilation, and whether the rate of gas transfer across the membrane of the alveoli is normal. I propose to omit discussion of measurements that throw light on the overall picture of blood ventilation, such as the actual oxygen saturation or arterial CO, tension, since these do not help us to understand the nature of the process that is responsible for the abnormality. As far as lung function as a whole is concerned we can have a number of different gas-blood relationships within the lung. There may be:
(1) Almost even gas distribution and even blood perfusion as in health.
(2) Even gas distribution but uneven blood perfusion or "shunting" of blood: an arterio-venous fistula in the lung is an extreme example of this.
(3) Uneven gas distribution but blood distribution still even throughout the lung; this possibly occurs immediately after a spontaneous pneumothorax.
(4) Uneven gas distribution, but blood distribution balanced to it. In this condition, well ventilated parts of the lung have a good perfusion and poorly ventilated parts have a reduced perfusion. Asthma uncomplicated by emphysema and congenital cystic disease of the lung may provide examples of this.
(5) Uneven gas distribution and uneven blood distribution not balanced to ventilation. This state of affairs almost certainly arises in emphysema.
But-in addition to these relationships, the physical characteristics of the lung membrane may be varying in the lung, and this change may accompany any of the patterns just described.
I think you will agree that the detailed quantitative unravelling of the problem of what is happening in a particular patient will inevitably be,complex. Dr. Riley (Riley et al., 1951) , in a major contribution to this field, has considered in detail what may be learnt from the simultaneous analysis of gas exchange and of gas tension within the blood. From these figures a calculation may be made 'of the overall pressure gradient of 02 within the lungs. Further, by ingenious use of the peculiar shape of the Hb dissociation curve, he has been able to separate, at least approximately, the effect of impaired diffusion on the one hand, and of blood perfusion of non-ventilated lung on the other. The method of expression of results in this technique, and the validity of some of the assumptions that have to be made in it have both recently been questioned, and it is clear that considerable caution must be exercised at this stage in equating apparent change of diffusion capacity in different conditions with patterns of pathological change within the lung. The problem of efficiency of "blood ventilation" has recently been attacked by the use of carbon monoxide. To my knowledge this tethnique has been used at the Pneumoconiosis Research Unit and at St. Bartholomew's Hospital in this country, and at Dr. G. W. Wright's Department at Saranac Lake and at the Graduate School of Medicine in Philadelphia in the United States. The results I shall quote here have been obtained in one or other of these centres and they are not to be taken as consisting solely of the work at any one of them.
What is the purpose of using CO? In simple terms its peculiar property of rapid combination with hemoglobin means that the, rate of disappearance of the gas from an alveolus is determined principally by the ease with which it can traverse the alveolar membrane. Further, the rate of disappearance is not initially much affected by how much has already entered the blood, and -so in general terms and in particular conditions it will exert no "back pressure".
The rate of uptake of CO is measured in a simple open circuit continuous breathing experimpnt.
Infra-red gas analysis methods have greatly simplified the work involved. Using this method, it was soon found that the percentage removal of CO from the inspired gas was much reduced in emphysema, but that asthma without emphysema did not produce a similar fall. Those using the CO technique have found that it appears to be a sensitive index of the severity of emphysema and to be, therefore, of considerable prognostic value.
What is it measuring? Recent work at the Graduate School of Medicine in Philadelphia has clarified some of the theoretical aspects of carbon monoxide uptake. It has been shown that the percentage CO uptake is dependent on the balance between ventilation and diffusing capacity within the lung, and the finding of a lowered percentage uptake of CO tells us that the "blood gas interchange" in the well ventilated parts of the lung is not normal. This is the case in emphysema. We do not know whether this is due to actual change in the alveolar membrane or to a reduction in area of the pulmonary vascular bed. In asthma it seems that the lung is able to maintain a normal or better than normal diffusion in areas of the lung that are being well ventilated. In cases of thoracic deformity, many aspects of lung function may be found abnormal-the vital capacity is much reduced, the maximal breathing capacity is low, and the gas distribution may be uneven throughout the lung. There is evidence to suggest that in these people the CO uptake is normal in the presence of these abnormalities until cor pulmonale begins to develop, when it starts to fall significantly. I would like to end by illustrating the use of function tests in following the course of patients with emphysema. Fig. 1 illustrates the change in function tests in a case of moderately severe emphysema in a man of 61 years of age. Over four years there has been very little change in performance in these tests. Clinically, too, he has not altered very much in this period. FIG. 2 shows changes in the same tests in a younger patient. In this man, now aged 35, over the same period there has been a steady deterioration in most of the tests, which has been paralleled by clinical deterioration. In particular, there has been a progressive reduction in the uptake of carbon monoxide. Our previous experience suggests that if this continues, he will very shortly develop cor pulmonale. Other cases have shown rather different findings. In Fig. 1 . There has been progressive clinical deterioration over the last three years, and this has been accompanied by changes in the tests. In particular there has been a steady decrease in the rate of uptake of carbon monoxide. The vital capacity (TLC-RdC) has been almost constant at about 3 litres during the same period. remained the same except that the fractional CO uptake has fallen fairly abruptly over the course of a few months, and in these cases cor pulmonale has developed when it has reached a low figure.
Flurther work and observation is required before we will know precisely the mechanisms underlying these changes, and before we know the value of these different tests in prognosis.
SUMMARY
It is clear that a knowledge of the evenness of inspired gas distribution within the lung, together with a semi-quantitative estimate of the normality of blood gas interchange has contributed something and will undoubtedly contribute more to our understanding of lung function in a wide variety of conditions. These are still merely methods of research investigation, and, -in my view, they are not yet sufficiently precise or clear cut in interpretation to have much value in clinical practice, except perhaps in the elucidation of relatively rare conditions. One hundred years ago, John Hutchinson began the study of lung function tests by devising the measurement of vital capacity. The title of his paper reads: "On the capacity of the lungs, and on the respiratory functions, with a view of establishing a precise and easy method of detecting disease by the spirometer." Both "precision" and "ease" have proved difficult to achieve, but one day Hutchinson's objective will be reached-although I suspect that more will be required than just a spirometer.
BIBLIOGRAPHY BATES, D. V. (1952) Clin. Sci., 11, 203. COMROE, J. H. (1951) Dr. C. M. Fletcher, Post-Graduate Medical School of London: Function Tests and the Clinician It is often felt that respiratory function testing will never descend from the laboratory to the clinic and become useful in the ordinary work of the clinician.
It is further maintained that such tests as the laboratory worker has hitherto devised have little relevance to clinical problems and are only useful in fundamental investigations into pulmonary physiology. It is this point of view which I now wish to discuss and I shall argue that, in fact, the clinician could derive considerable assistance from existing tests and is likely in the future to derive even more assistance from the newer tests.
The predominant symptom of disturbance of the function of the heart and lungs is undue shortness of breath on exertion and a common late sign of functional failure is cyanosis. Cyanosis is relatively easy to observe and although there is considerable error in clinical assessment of its severity its precise measurement in terms of oxygen saturation can be done by oximetry or by taking an arterial blood sample for gas analysis.
But the severity of exertion dyspncea is not so easily assessed. This is a subjective symptom affected both by the patient's attitude towards his real or supposed disability, and by the amount of exercise which he is required to undertake in the course of his work. Subjective estimation of the severity of dyspncea is therefore inevitably subject to considerable error and an objective method of measuring it would be preferable.
It is sometimes asked whether there is any practical importance in the measurement of exertion dyspncea, more accurately than by simple clinical questions such as those which have formed the basis of clinical grading in cardiac and respiratory disease in recent years. I suggest that more accurate assessment of its severity is needed for the following clinical purposes:
(1) To distinguish between the increased awareness of normal exercise ventilation which anxiety may induce and a true impairment of ventilatory function.
(2) To provide objective measurement of the results of treatment.
(3) For assessment of disability benefit in industrial pulmonary disease and for assessment of capacity for jobs involving various levels of exertion.
It is necessary to measure two things in order to assess exertion dyspncea. We have to measure both the ventilation required by the patient to achieve a given level of exercise and also his maximum ventilatory capacity, for it appears, in general, true that a sensation of breathlessness arises when the level of ventilation reaches 30-40 % of the maximum ventilatory capacity. Thus, undue breathlessness on exertion may arise either from an increase in the ventilatory requirements on exercise or from a decrease in the maximum ventilatory ability, or from a combination of the two. To measure breathlessness, therefore, we must measure both exercise ventilation and maximum breathing capacity. Dr. McKerrow has dealt with methods of measuring the latter. Various methods are valuable for measuring the former. Expired air during a period of exercise may be collected in a Douglas bag and subsequently measured by passing it through a gas meter or, more simply, the expired air during a period of exercise may be passed through a gas meter and ventilation recorded minute by minute. Some differences of opinion and practice exist concerning the type and amount of exercise that should be used. Some prefer the walking test, some the step test and some a bicycle ergometer. I prefer the step test described recently by Hugh-Jones, for a walking test is hard to standardize from one department to another unless a treadmill is installed, whereas the height of a step is easy to standardize and the rate of stepping can be regulated by a metronome. The bicycle ergometer is entirely satisfactory but some elderly patients may not take easily to it.
Differences of opinion also arise as to whether the work or the task imposed in the test should be kept constant. The answer here depends upon the purpose of the test. If we want to measure shortness of breath on walking or climbing stairs, then the task should be standardized so that heavier patients do more work than lighter patients as they do in everyday life. If we want to measure the effect of slimming on breathlessness we should certainly require to use a constant task. But if we want to measure the ventilatory response to a given increase of metabolic rate then the work should Section of Experimental Medicine antd Therapeutics 539 be standardized. This would be necessary if we were studying the effect on respiratory function of increasing severity of a given disease or if we were studying the origin of dyspnoea in two separate diseases, such as heart failure or emphysema, for we should wish to rule out the irrelevant effect of the patients' weights. The simple step test can be used for standardized task or standardized work.
Having measured the degree of breathlessness, the next question the clinician must ask is why the patient is breathless. While in many cases the answer is clinically obvious there is not infrequently some real doubt. Often the doubt is only of academic interest and there is no clinical need for elaborate tests to clarify it, but occasionally guidance is required in respect of treatment and of prognosis. For instance, in a middle-aged man with a barrel chest, hypertension and auricular fibrillation who complains of shortness of breath, we may wish to know whether his shortness of breath is predominantly cardiac or respiratory in origin before we can prescribe the most useful form of treatment. Again the prognosis in a case of asthma may depend upon the severity of accompanying emphysema and a test which could distinguish between these two conditions may be of great help to the clinician. For this we require more elaborate tests, such as those to which Dr. Bates has referred. We need to choose some particular test that will enable us to discriminate between alternative functional diagnoses. This is a much better procedure than to call for a battery of all kinds of tests in the hope that something interesting may emerge.
Are such more elaborate tests really within the capacity of the ordinary clinician? Measurements of elasticity of the lung are hardly yet developed to the stage at which they can be interpreted as a routine and the exploration of intrapulmonary gas mixing and carbon monoxide uptake brings difficulties of interpretation. But the helium method of measuring lung volume, the maximum breathing capacity test, measurements of exercise and resting ventilation require relatively simple or purchasable apparatus and should be sufficient for many clinical purposes. It is still necessary for those who wish to use these tests to be able to call on some technical assistance in assembling and in operating the apparatus.
One further difficulty requires consideration, and that is the differentiation between a normal and abnormal test result. There is still far too little information available concerning the results of these pulmonary function tests in normal people of each sex at different ages. Until we know the range of variation in the normal population it is difficult to be sure when deviations from the normal occur. Too often a test is devised and tried out upon a small group of so-called "normals". The meaning of the word normal may range from supernormal athletes to hospital patients without respiratory disease. Comparison of test results in cases of respiratory disease with these two types of "normal" may result in widely divergent conclusions, especially if, as has been done, the effect of age upon respiratory function of normal people is forgotten.
There is one particular aspect of prognosis for which functional tests are commonly demanded and this is for the estimation of a patient's ability to withstand lung resection or other thoracic operations. We badly need much more information from follow-up studies after operation on patients who have been subjected to function tests pre-operatively before we can say which tests, if any, are likely to be of value in pre-operative prognosis. For this purpose we inevitably require methods for studying the function of local areas which are to be excised, whether a lobe or a whole lung. The separate study of each lung by bronchospirometry is a distressing and often difficult procedure although simplified by the Carlens catheter. Because of the obstruction to respiration, it is difficult to carry out studies except in the resting state, whereas we may wish to know the function of the lung on exercise. Further it is usually necessary for the patient to breathe oxygen throughout the study and the results thus obtained may not be relevant to the normal state of breathing air. For this reason the results of bronchospirometry may be misleading, but there is no doubt that in certain cases they may give a valuable indication of the normality of function of the lung that is to be retained after pneumonectomy, which may encourage or deter a surgeon.
Conclusion.-At present simple tests are available for the measurement of breathlessness and should be widely used, but the wider use of the more discriminatory diagnostic methods will have to await further research and standardization of equipment.
Dr. R. I. McCallum: Nothing has been said about the psychological effects of pulmonary function tests nor of the degree of co-operation necessary from the patient. In Newcastle we often see miners with radiological signs of pneumoconiosis who do not admit to any symptoms when their history is first taken. They are told the diagnosis and reassured, but frequently within a few months there is a deterioration in their condition and they complain of breathlessness. Either disability has been present from the first, or the breakdown is purely psychological in origin. A simple physiological test made at the time of the first physical examination before the patient knows the diagnosis, and repeated at intervals afterwards, would be invaluable. I would be interested to know whether lung function studies are likely to help in this problem and, if so, which type of test is most suitable.
Dr. M. C. S. Kennedy, Pneumoconiosis Research Unit, Llandough Hospital, Cardiff: My main interest is in the assessment of the bellows function of the lung since it is this component of pulmonary function that is most impaired in the majority of lung diseases. For this reason the assess-ment of the ventilatory capacity by one method or another is a most useful measure, and one that has obviously come to stay. Now the immediate question seems to be what method should be adopted for assessing this bellows function of the lung. The original method was described by Hermannsen in 1933 , and consists ofasking the patient to shift the greatest volume of air that he can in unit time; this flow rate is termed the Maximum Voluntary Ventilation (M.V.V.), which is synonymous with M.B.C.
I have carried out well over two thousand assessments of the M.V.V. using a low resistance spirometer, and found it to be a most fatiguing and time-consuming test to both patient and observer, and, further, if applied on an out-patient basis there is a considerable learning factor to overcome.
There is also the problem of how to standardize the rate of breathing whilst performing this test. A man who achieves an M.V.V. of 50 1./min., using a respiratory rate of 100 breaths per minute, is only moving I litre per breath, of which roughly I is dead-space air and functionless. Another achieves the same M.V.V. of 50 l./min., but uses a respiratory rate of 50 breaths per minute. This second man will be shifting one litre per breath, but only one-sixth of this volume will be functionless dead-space air. Obviously, although the two men produce exactly the same M.V.V. figure, physiologically the latter is better off, and under these conditioifts both are not being assessed on a comparable physiological basis. Add to this the inconsistency of M.V.V. values obtained in the same subiect when he is to breathe at different respiratory rates (as shown by D'Silva and Mendel, 1950) , and one is forced to the conclusion that the Maximum Voluntary Ventilation should be assessed as a fixed respiratory rate. have suggested that the M.V.V. be measured at a fixed respiratory rate. However, severely disabled patients cannot achieve a high respiratory rate and it is now advocated that patients be assessed at two or more respiratory rates. I do think the practical difficulties involved of increasing the number of measurements with a test that is already fatiguing and time consuming, preclude the adoption of this suggestion in all but academic work.
For these reasons, if the M.V.V. index is to be of use in routine clinical or survey work, we must have a simple, practical method of obtaining it. Because of this, I am interested in the assessment of the expiratory flow rate (E.F.R.), and I will briefly show, with the help of Figs. 1, 2 and 3, the test I employ. Fig. 1 is a continuous tracing of a patient's resting respiration, followed by the quick expulsion of the whole of the vital capacity (E.V.S.) after a full inspiration. Next, he inspires his vital capacity (I.V.S.). Finally, the M.V.V. is shown using first a slow, and then a fast, kymograph speed. The tracing shows that the full inspiration or I.V.S. is virtually linear throughout its length. This has proved to be a common observation in many hundreds of tracings. However, the E.V.S.Aor expiratory curve is linear only throughout its upper part. Thus, if a man is to shift the greatest volume of air 
